The large pine weevil Hylobius abietis (Linnaeus 1758) is the main pest of coniferous seedlings in Europe and causes substantial damage in areas that have been clear-cut or otherwise disturbed. We compared the efficacy of different attractants for the capture of H. abietis adults in white pitfall traps. The field experiment was performed from mid-April to the end of August 2018 at six plots in Central Europe located in spruce stands that had been clear-cut. At each plot, we compared five attractants: one pine twig with ethanol, Hylodor, alpha-pinene + ethanol, turpentine oil and ethanol (separated), and turpentine oil + ethanol (not separated). Traps without attractant served as a control. Six traps for each attractant or control were distributed at each plot. Of the total number of H. abietis adults trapped, 43.3%, 20.5%, 17.9%, 9.8%, 8.5% and 0.5% were captured in traps with pine twigs with ethanol, alpha-pinene, Hylodor, turpentine, oil + ethanol (separated), turpentine oil + ethanol (combined), and no attractant, respectively. The bottom of each trap contained propylene glycol to kill and preserve beetles. The small number of beetles captured in the control traps confirms that the propylene glycol:water mixture did not influence the trapping of H. abietis. The use of pitfall traps with a suitable attractant (especially pine twigs and ethanol) should be useful for monitoring of H. abietis, because it is simple and cost-effective. The use of such pitfall traps to control H. abietis by mass trapping would require 50 to 100 traps per ha.
Introduction
The large pine weevil Hylobius abietis (Linnaeus 1758) (Coleoptera: Curculionidae) is the main pest of coniferous seedlings in Europe and is especially damaging in areas where seedlings have been planted following clearcutting or other disturbances [1] [2] [3] . In such areas, the presence of fresh stumps maintains high numbers of H. abietis. Over the last 100 years, foresters have used various methods to protect seedlings from the damage caused by H. abietis feeding [1, 3, 4] .
The basic protection method is to prevent H. abietis from feeding on seedlings. Feeding barriers have been commonly used in Germany since 1920 [1] . Plastic collars were developed at the end of the 1970s [5] and have been in use since that time. During the late 1980s and the beginning of the 1990s, researchers developed and tested several other shields, including stockings [6] , plastic fibre wrappings ("BEMA") [7] , and coated barriers [8] . Feeding can also be prevented by applying various coatings to the seedling stem. The first coating used was latex, which prevented feeding on the bark [9] . Protection can also be provided by a sand coating, which involves an initial application of acrylate glue and a subsequent application of fine sand (grain size <0.2 mm). The treated seedlings can then be planted in
Materials and Methods

Localities
The experiment was conducted in Norway spruce (Picea abies (L.) Karst) forests at four localities in the Czech Republic and at two localities in Slovakia (Figure 1 ). Norway spruce represented at least 90% of the trees (Table 1) .
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Materials and Methods
Localities
The experiment was conducted in Norway spruce (Picea abies (L.) Karst) forests at four localities in the Czech Republic and at two localities in Slovakia (Figure 1 ). Norway spruce represented at least 90% of the trees (Table 1 ). The trees at the locality had been removed for felling (harvest) or because of wind damage or bark beetle outbreak (Table 1) . After the trees were removed, there were about 400 stumps per ha.
Attractants and Evaporators
Pine twigs and four chemical attractants were tested. All twigs (50 mm long and 12 ± 2 mm in diameter) were cut from a single 50-year-old Pinus sylvestris (L.) tree on 10 April 2018. The age of the twigs was 4-6 year. The twigs were stored in hermetically sealed polyethylene bags at −20 °C. One thawed twig was placed per trap, and a 20-mL bottle containing ethyl alcohol was placed next to the twig. The lid of the bottle had six holes with a diameter of 2 mm and one hole with a diameter of 4 mm; a polypropylene string that was attached to the larger hole and to the trap rim was used to suspend the bottle in the trap.
Four kinds of evaporators were used to disperse the chemical attractants. One of these was the Hylodor (A) (Z.D. Chemipan), which is a commercially available evaporator plus attractant (a The trees at the locality had been removed for felling (harvest) or because of wind damage or bark beetle outbreak (Table 1) . After the trees were removed, there were about 400 stumps per ha.
Pine twigs and four chemical attractants were tested. All twigs (50 mm long and 12 ± 2 mm in diameter) were cut from a single 50-year-old Pinus sylvestris (L.) tree on 10 April 2018. The age of the twigs was 4-6 year. The twigs were stored in hermetically sealed polyethylene bags at −20 • C. One thawed twig was placed per trap, and a 20-mL bottle containing ethyl alcohol was placed next to the twig. The lid of the bottle had six holes with a diameter of 2 mm and one hole with a diameter of 4 mm; a polypropylene string that was attached to the larger hole and to the trap rim was used to suspend the bottle in the trap.
Four kinds of evaporators were used to disperse the chemical attractants. One of these was the Hylodor (A) (Z.D. Chemipan), which is a commercially available evaporator plus attractant (a mixture of organic and inorganic substances) produced in Poland ( Table 2 ). The other type of evaporator consisted of a polypropylene tube fabricated by the Fytofarm Ltd. Co. (Bratislava, Slovakia) Table 2 ). The polypropylene tubes were used for the other three kinds of attractants and the control. After the tubes were filled, they were head sealed, and the content was released only through the polypropylene walls. [33] ; **** Used according to [29] .
Pitfall Traps and Experimental Design
Pitfall traps consisted of 1.2-litre buckets with 10 holes (10 mm in diameter) in the upper part of the trap (Figure 2 ). The traps had lids and were buried in the ground so that the holes, through which beetles could pass, were at the soil surface. The bottom of each trap contained 200 mL of propylene glycol (CAS: 57-55-6, EINECS: 200-338-0) mixed with water (1:1 ratio) and Tween 80 wetting agent (Carl Roth, CAS 9005-65-6), which killed and preserved the beetles that fell into the trap. One evaporator, in which the attractant was placed, was also hung from the upper rim of each trap so that it rested along the inner wall of the trap and above the propylene glycol-water mixture. A total of 36 pitfall traps were placed in one plot (22.0 m × 28.5 m) at each locality. The distance between the traps was 5-6 m depending on the obstacles in the field. Among the 36 traps in each plot, 24 contained chemical attractants, 6 contained one pine twig + ethanol in a bottle, and 6 were without any attractant and served as negative control. The traps were distributed in the plot so that a specific type of attractant was not located near the same attractant type (Figure 3) . The experiment began on 13 April 2018 and ended on 31 August 2018. Traps were checked every week at each plot on the same day of the week; all trapped beetles were removed and counted according to species and sex. For traps with twigs, twigs were replaced, and fresh ethanol was added to the bottles every week. For traps with synthetic attractants, the attractants were replaced during the 8th and 16th week of the experiment.
Statistical Analyses
The cumulative number of H. abietis adult males and adult females caught per trap across all trap types did not fit a normal distribution (Figure 4) , and the data failed the test for homogeneity of variance concerning the effects of attractant and locality (Bartlett's K-squared = 206.72, df = 5, p-value <0.001 = 2.2 × 10 −16 ). As a consequence, the general linear model (GLM) rather than ANOVA was used. The complete model is presented in Appendix A.
The results of the GLM model were tested using ANOVA for detection of differences and their sizes among different treatments and localities. Statistical analyses were performed in R software (RStudio Version 1. 
The cumulative number of H. abietis adult males and adult females caught per trap across all trap types did not fit a normal distribution (Figure 4) , and the data failed the test for homogeneity of variance concerning the effects of attractant and locality (Bartlett's K-squared = 206.72, df = 5, p-value <0,001 = 2.2 × 10 -16 ). As a consequence, the general linear model (GLM) rather than ANOVA was used. The complete model is presented in Appendix A. The results of the GLM model were tested using ANOVA for detection of differences and their sizes among different treatments and localities. Statistical analyses were performed in R software (RStudio Version 1.1.423, © 2009-2018 RStudio, Inc., package lme4, version 1.1-19, Boston, MA, USA).
Results
The main species captured in our pitfall traps were H. abietis and H. pinastri. In total, 8266 adults of H. abietis and 2040 adults of H. pinastri were caught in all pitfall traps at all localities. The number of H. abietis caught per locality and per attractant type was correlated with the number of H. pinastri caught per locality and per attractant type (y = 10.08 + 0.20x; r = 0.90; p = 0.0000; r 2 = 0.81). The number of trapped adults (total of both species) was highest with a pine twig + ethanol (Table 3) . Among the chemical attractants, the number of trapped adults (total of both species) was highest with alphapinene + ethanol followed by turpentine oil and ethanol (separated); the number was lowest with turpentine oil + ethanol (combined) ( Table 3) .
The H. abietis sex ratio differed among localities. Two localities had a 50:50 sex ratio, two had more males than females, and two had more females than males (Table 4) . Across all localities, the average number of adults trapped per ha was >14,000 for H. abietis and >3000 for H. pinastri (Table 4) . The number of H. abietis adults trapped per ha significantly differed among localities and was highest at Liptovská Teplička and lowest at Mariánské Lázně (Table 4 ). 
The main species captured in our pitfall traps were H. abietis and H. pinastri. In total, 8266 adults of H. abietis and 2040 adults of H. pinastri were caught in all pitfall traps at all localities. The number of H. abietis caught per locality and per attractant type was correlated with the number of H. pinastri caught per locality and per attractant type (y = 10.08 + 0.20x; r = 0.90; p = 0.0000; r 2 = 0.81). The number of trapped adults (total of both species) was highest with a pine twig + ethanol (Table 3) . Among the chemical attractants, the number of trapped adults (total of both species) was highest with alpha-pinene + ethanol followed by turpentine oil and ethanol (separated); the number was lowest with turpentine oil + ethanol (combined) ( Table 3) . The H. abietis sex ratio differed among localities. Two localities had a 50:50 sex ratio, two had more males than females, and two had more females than males (Table 4) . Across all localities, the average number of adults trapped per ha was >14,000 for H. abietis and >3000 for H. pinastri (Table 4) . The number of H. abietis adults trapped per ha significantly differed among localities and was highest at Liptovská Teplička and lowest at Mariánské Lázně (Table 4) . The numbers of trapped individuals significantly differed among localities and attractants ( Figures 5 and 6 and Appendix A). Trapping was highest with a pine twig ± ethanol. Trapping was generally similar with Hylodor and alpha-pinene + ethanol but was higher with Hylodor at some localities (Kašperské Hory, Liptovská Teplička) and was higher with alpha-pinene + ethanol at other localities (Arnoštov, Vyšné Hágy, Kostelec n.Č.L., Mariánské Lázně). Trapping was significantly lower with turpentine oil + ethanol (separated) and with turpentine oil + ethanol (combined) than with a pine twig ± ethanol, Hylodor, or alpha-pinene + ethanol. The numbers of trapped individuals significantly differed among localities and attractants ( Figures 5-6 Appendix A). Trapping was highest with a pine twig ± ethanol. Trapping was generally similar with Hylodor and alpha-pinene + ethanol but was higher with Hylodor at some localities (Kašperské Hory, Liptovská Teplička) and was higher with alpha-pinene + ethanol at other localities (Arnoštov, Vyšné Hágy, Kostelec n. Č.L., Mariánské Lázně). Trapping was significantly lower with turpentine oil + ethanol (separated) and with turpentine oil + ethanol (combined) than with a pine twig ± ethanol, Hylodor, or alpha-pinene + ethanol. At all localities, trapping was highest at the beginning of May and then gradually decreased (Figure 6 ). At the end of the experiment, only a few individuals were trapped at each locality ( Figure 6 ). At all localities, trapping was highest at the beginning of May and then gradually decreased (Figure 6 ). At the end of the experiment, only a few individuals were trapped at each locality ( Figure 6 ).
Pairwise comparisons were made of the efficacy of attractants in trapping H. abietis (based on the number of individuals by sex trapped across all localities) (Tables 5 and 6 ). Almost all pairs were statistically different. For both males and females, trapping was always highest with a pine twig with ethanol and was always lowest with the no attractant control. Trapping did not significantly differ between turpentine oil + ethanol (separated) vs. turpentine oil + ethanol (combined) for both males and females or between turpentine oil + ethanol (separated) vs. Hylodor for males. (Tables 5 and 6 ). Almost all pairs were statistically different. For both males and females, trapping was always highest with a pine twig with ethanol and was always lowest with the no attractant control. Trapping did not significantly differ between turpentine oil + ethanol (separated) vs. turpentine oil + ethanol (combined) for both males and females or between turpentine oil + ethanol (separated) vs. Hylodor for males. 
Discussion
During the growing season of 2018, we recorded the capture of H. abietis in pitfall traps deployed in recently cleared spruce stands in six Central European localities where altitudes ranged from 400 to 1220 m a.s.l. The large-scale experiment (covering an area of 550 km × 200 km) was performed in two countries (Figure 1) . Buckets of 1.2-litre were used as traps with 10-mm-diameter entrance holes (Figure 2 ). These pitfall traps were easy to construct and deploy. However, pitfall traps are not selective, even with use of entrance holes. They can also catch other invertebrates, but impact is weak [31] . They have to be expose only for necessary period and have not be forgotten in forests [40] .
All of the attractants in our experiment showed some ability to attract H. abietis and H. pinastri. H. abietis is very abundant in Central Europe [3] . H. pinastri is also common [4, [41] [42] [43] [44] but is less abundant than H. abietis [45] [46] [47] . We assume that fewer H. pinastri than H. abietis were attracted to pitfall traps with pine twigs because H. pinastri prefers spruce [48] while H. abietis prefers pine [49] .
For H. abietis, trapping was always highest with a pine twig with ethanol. It should be recognized that daily vapours of studied attractants are low in comparison with published data [33, 35, 36] . Experimental evaporators have comparable vaporization as manufactured Hylodor. Ref. [33] had higher vapour, but used attractants that in the bottle and filter paper. This method is not used in practice. We wanted to test the methods usable for forest practice and easy to use. For foresters, the industrially produced evaporators are the best. Therefore, we used Hylodor and other types of evaporator consisting of a polypropylene tube manufactured by Fytofarm Ltd. Co. The thermoplastic material used ensures regular evaporation for as long as possible [50] .
Natural materials (trap barks) for attracting H. abietis began to be used in the first half of 19th century [22] and were frequently used by the beginning of the 20th century [1] . A disadvantage of trap barks is the need for their frequent replacement (once every 2 weeks), and the need to remove the attracted H. abietis adults every 2-5 days. Another disadvantage of trap barks is their high price, which in Slovakia is about 3.5 € for one piece of bark [51] . For monitoring, about 25 pieces of trap bark/ha are needed. The price of such monitoring (excluding the maintenance costs) would be 175 €/ha per month. In contrast to trap barks, pitfall traps do not require regular visits. During our experiment, we emptied them once per week, but only one inspection per month would be needed if attractants in tubes were used. The alpha-pinene + ethanol attractant costs 2.5 € per trap and can last for 6-8 weeks, and the cost of one bucket used for the pitfall trap is 0.33 €. In this case, the costs excluding maintenance costs are 70.75 € with 25 pitfall traps/ha.
There are additional problems with the use of trap barks and other natural materials as pest attractants [33] . The types of natural materials used to attract pests can differ in their monoterpene content [52, 53] . Another problem is that wooden attractants dry, which gradually reduces their attractiveness [45] . When pests attack wooden attractants, they feed on them and disturb the material. This increases the release of compounds that attract H. abietis [32] but decreases the longevity of the attractant. As a consequence, we replaced the pine twigs in our experiment every week. [31] , who used source spruce twig replaced it also each week. Although we do not know anything about population densities in their study areas, they caught 10x less beetles in comparison with our results [31] .
The second most effective attractant in the current study was alpha-pinene, which is present in conifers and has a resin-like odour. This compound is usual in that its content within a tree species is constant regardless [54] . The ratio of fragrant compounds in coniferous species is largely genetically driven and is not affected by other factors [55] . In the evaporator, alpha-pinene was mixed with ethanol, because such a combination is six times more attractive to H. abietis than alpha-pinene alone, and 10 times more attractive than ethanol alone [33] . In addition, the effect of the combination in the field is synergistic [32] .
The third most successful attractant was the commercially available Hylodor. This attractant, which is produced in Poland, is described as an aggregation pheromone, but its composition is unknown. Kuźmiński and Bilon [30] showed that the number of beetles trapped was only slightly higher with Hylodor than with logs or wooden discs.
The fourth highest number of catches was obtained when turpentine oil and 70% ethanol were placed in separate tubes. Turpentine oil is extracted from resin by distillation and contains mainly alpha-pinene and beta pinene [29] . Although this lure has a low price [31, 56] , it trapped only low numbers of Hylobius spp. adults in the current study. The last attractant that was used in this study was turpentine oil mixed with ethanol in a 2:1 ratio. This attractant also trapped only a low number of Hylobius spp. adults. The concentration of turpentine oil and ethanol used in our experiment was equal to that used by [29] . We suspect that such a strong concentration could repel rather than attract, and that a smaller proportion of turpentine might be more effective [56] .
The negative control (without attractant) pitfall traps in the current study trapped only a few individuals, which probably were not attracted to the traps but simply entered them accidently. The small number of beetles captured in these traps confirms that the propylene glycol:water mixture used to kill and preserve the trapped beetles did not function as an attractant or as a repellent, and did not therefore influence the trapping of H. abietis [56] .
In total, we captured 8266 adults of H. abietis and 2040 adults of H. pinastri at six localities. Ref. [57] stated that a trap can attract adults from a distance of 2.5 m in all directions. In this study, we found that regardless of the lure used, a pitfall trap can attract adults at distances greater than 2.5 m. With a trap situated at the edge of the plot, we caught on average 290 ± 203 adults of H. abietis and 74 ± 52 adults of H. pinastri. In centrally located traps, we caught on average 250 ± 156 and 59 ± 41 adults of H. abietis and H. pinastri per trap, respectively. If we assume that each trap in a plot can capture beetles within a 3-m radius with baited traps (approximately 600 m 2 ), we will get an "H. abietis trapping area" of approximately 28.0 × 34.5 m (966 m 2 ). When we calculated the number of catches per ha, we found several thousand to several tens of thousands of H. abietis adults per ha and thousands of H. pinastri adults per ha depending on the locality (Table 4) . In most localities, we found more than 10,000 beetles per ha; i.e., the density of H. abietis coincided with that stated by [58] (10,000-18,000 adults/ha). Other authors have also indicated that H. abietis numbered about 10,000/ha [36, 59] , and [4] found that H. abietis numbers exceeded 14,000/ha at three localities. We therefore assume that we caught the majority of the local population of H. abietis as well as of H. pinastri. This is also supported by the fact that in the second half of the summer, we did not catch any beetles, although the adults of new generation, which have a flight at the autumn, should be caught [60] .
Clearcutting is almost always performed in autumn or winter, and the remaining stumps are surrounded by older stands. Larvae develop on the roots of fresh pine or spruce stumps and exceptionally also on the roots of 1-year-old stumps [54] . At mid-elevations in Central Europe, stumps older than 1 year are not attractive (personal observation Holuša, Galko, Lalík) [24] . This is also the reason why the number of beetles caught was the least at the locality Mariánské Lázně (the original forest was cut in May of previous year). In Scandinavia, stumps can remain attractive for 3 years [27] , which was confirmed at the Vyšné Hágy locality, which is 1216-1220 m a.s.l., where the stumps were 4 years old, and the beetle was still abundant in the cleared area (personal observation). It is clear that beetles trapped in cleared areas could have originated from the surrounding areas. To select suitable localities, H. abietis adults use their olfactory sensors at the base of their antennae. At longer distances, adults orientate according to attractants produced by host tree species [61, 62] . On clear cuttings, they probably distinguish shape of seedlings and older trees while flying [63] . At short distances, they react to pheromones [64] ; male pheromones cause adults to aggregate, and female pheromones attract males [65] . The females can crawl or fly considerable distances to locate oviposition sites [66] . H. abietis can fly up to 2000 m in a single event, and can fly more than 80,000 m over their entire life [67] .
Over the entire experiment, we caught 4389 females and 3877 males of H. abietis. Based on these values, the overall female:male sex ratio was 53:47, although males were more abundant than females at some plots. [32] , who used pitfall traps baited with three types of attractants (alpha-pinene, ethanol, and a combination of these two) reported an H. abietis sex ratio similar to that in our study; the number of females was greater than the number of males irrespective of the combination of lures.
Conclusions
Forestry managers use monitoring data of H. abietis to plan methods for reducing the damage on plants. In the case of critical numbers exceeded the feeding barriers or insecticides are applied. The results show that pine weevil populations can be monitored using minimally modified buckets as pitfall traps. The cost of such traps is low, and the installation is simple. A natural material, namely a pine twig (+ ethanol), was the most successful attractant, which was consistent with previous reports. The pine twig + ethanol attractant is easy to prepare and is substantially cheaper than artificial attractants. Replacement of the twig after 1 week eliminates eventual shifts in the composition of volatile compounds, and the replacement of the twig every 2 weeks may be sufficient. During the replacement of twigs and the refilling of ethanol, trapped adults are removed from the trap to avoid attracting carrion beetles. When performed by a two-member team, the replacement required about 20 min per locality. On a per ha basis, the inspection of all traps installed (i.e., 300 traps/ha) would require about 3 h. From a practical point of view, the number of traps can be reduced, because traps at the edge caught more beetles, and the distance between the traps could probably be increased to 10-20 m, i.e., trap density could probably be reduced to 50-100 traps/ha. The results also suggest that pitfall traps with pine twigs + ethanol might be used for mass trapping. Such mass trapping would be very simple and based on our results all beetles could be trapped during period of April to June. This is especially attractive because the use of chemical insecticides is increasingly restricted in the Europe. As noted earlier, the monitoring and mass trapping of H. abietis is substantially cheaper with pitfall traps than with trap barks. 
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